recorded in patients with secondary syphilis, whereafter they usually start to decline. Antibodies with the serological properties of syphilitic antilipoidal antibodies have been induced in rabbits by immunization with alcoholic heart extracts (Sachs, Klopstock, and Weil, 1925) or with killed Treponema pallidum (Eagle and Fleischman, 1948) . In fractionation experiments the anti-lipoidal antibodies have proved to be heterogeneous. They have been recovered in both 7S and 19S fractions obtained by ultracentrifugation (Davis, Moore, Kabat, and Harris, 1945) and in both yG globulin-and yM globulin-containing fractions obtained with the aid of column chromatography on DEAE-cellulose (Laurell and Malmqvist, 1961) .
There is divergence in opinion whether these antibodies result from immunization against treponemal lipids or whether the stimulus is by autologous lipid constituents liberated from organs affected by the syphilitic infection. Immunization experiments with killed T. pallidum favour the first hypothesis. However, one wonders how to explain in these terms the occurrence of positive reactions in several other infectious diseases and in diseases of unknown aetiology such as systemic lupus erythematosus. It is also somewhat difficult to explain the reasons for the failure to induce anti-lipoidal antibodies by immunization with cultivable treponemes (Eagle and Fleischman, 1948) although these do contain the *Received for publication July 14, 1967. tSupported by a grant from the Sigrid Juselius Foundation, Finland. lipid antigen (D'Alessandro and Dardanoni, 1953) .
A series of experiments was designed to characterize the immunochemical and serological properties of various anti-lipoidal substances. The present paper deals with anti-lipoidal antibodies in different stages of syphilis. Evidence is sought for possible differences in the distribution between the early and late antibodies revealed by fractionation procedures and for differences in the serological properties of the antibodies in the fractions.
Material and Methods Syphilitic Sera
Three types of syphilitic sera were used: (a) Sixteen from patients with primary and ten from patients with secondary syphilis.
(b) Sixteen from patients with latent or late symptomatic or congenital syphilis which were positive in the TPI and FTA-ABS test and had been selected to have VDRL titres corresponding to those seen in primary syphilis.
(c) Eight sera with very high titres from patients with late syphilis which were found within a 3-year period among samples sent for the standard serological tests for syphilis.
The VDRL titres ranged from 4 to 16 in the sera from patients with primary syphilis, from 32 to 128 in those from patients with secondary syphilis, and from 256 to 1024 in the high-titred sera from patients with late syphilis. Antisera The production of specific anti-yG and anti-yM globulin sera has been described elsewhere (Aho, 1967 Tests for Treponemal Antibodies
The TPI and FTA-ABS tests were performed according to standard techniques as described elsewhere (Salo, Valtonen, Jokipii, and Aho, 1967) .
Measurement of Immunoglobulins The yG globulin was determined by measuring the inhibition of the Coombs reaction. The immunoglobulins yM and yA were determined by making 2-fold dilution series of the fractions and by testing the dilutions against specific anti-yM and anti-yA globulin sera on Ouchterlonyplates. 
Results

Ultracentrifugation Experiments
All the fifty syphilitic sera included in the study were fractionated by density gradient ultracentrifugation. The fractions were titrated by the Kolmer complement-fixation test. When the titres in the sera were low, the titrations were started from undiluted fractions. When the titres were higher, the titrations were started from a dilution 1:2, and the fractions were frequently tested with some other system as well. In no instances were the fractions anticomplementary and therefore unsuitable for complement-fixation tests. To obtain an estimate of the amounts of immunoglobulins in the fractions, they were always titrated for yG globulin and were usually tested also for yM globulin.
Three sera from patients with primary syphilis and one serum from a patient with late syphilis yielded only weakly active fractions; the strongest fraction had two reactive tubes (a titre of 2). This was considered insufficient for a picture of the distribution of the antibody activity in the various fractions, and these sera were excluded from the series. In all other sera there was at least one fraction with three reactive tubes (a titre of 4). The distribution of the antibody activity in the whole series by the stage of syphilis is shown in Table I . There were three sera from patients with primary syphilis with detectable antibodies only in the 19S fraction, and in ten out of the thirteen sera of this group there were higher titres in the 19S fraction than in the 7S fraction. In patients with secondary syphilis the reverse was true: six of the (Fig. 2b) there was a second peak of antibody activity in the fractions containing the bulk of yA globulin. However, these also contained a considerable amount of yG globulin, so that it was not possible to decide whether the antibody activity was related to yA or yG globulin.
Four sera from patients with lower antibody titres were fractionated with a step-wise elution system. Two were from early latent syphilis and two from late syphilis. In each instance, some antibody activity was found in the fall-through fraction consisting of yG globulin. Discussion The present experiments confirm the earlier ultracentrifugal findings of Davis and others (1945) that syphilitic anti-lipoidal antibodies can usually be recovered in both 7S and 19S fractions. However, in some sera from patients with primary syphilis, antibodies were detected in the 19S fraction only and the majority of these had higher antibody titres in the 19S than in the 7S fraction. In secondary syphilis the reverse seemed to be true, since the sera frequently contained more antibodies in the 7S fraction. Thus it is probable that the first antibodies produced during syphilitic infection belong to the 19S fraction, and that thereafter a gradual shift takes place to the 7S antibodies. However, the shift was never found to be complete. The patients with early latent syphilis had the same type of slight 7S antibody predominance as those with secondary syphilis. Sera from patients with late syphilis frequently had more antibodies in the 19S fraction, and this was the situation in all the sera which were selected for the study because of their high titres. It is difficult to explain this 19S antibody predominance in late syphilitic sera. It may be related to some difference in the immunogenic stimulus. In patients with primary and secondary syphilis, the number of treponemes is great, whereas in those with late syphilis they are few. It is possible that living treponemes or some treponemal material is necessary for continuing antibody production and that a small amount of immunogenic material favours the production of 19S antibodies. A second possibility is that the antibodies in patients with infectious syphilis are directed mainly against treponemal lipids, whereas in late syphilitic sera they may be directed mainly against altered tissue constituents, or it may be a question of altered (allergic) response.
It is probable that the syphilitic anti-lipoidal antibodies found in the 19S fraction are of yM globulin variety. It is also probable that the antibodies found in the 7S fraction were mainly of yG globulin variety. To confirm the presence of yG globulin antibodies, fractionation experiments were conducted with the aid of DEAE-cellulose column chromatography. In each of the syphilitic sera selected for this purpose some antibodies were found in the first protein peak consisting of yG globulin. 
